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Abstract—  Utilization  of  metamaterial  structures  has  been 
becoming attractive in the community of electromagnetic and 
antenna. In this paper, a metamaterial spiral resonator (SR) is 
proposed as an effective solution for reducing mutual coupling 
in a  microstrip array antenna that consists of two elements. 
Applying the proposed periodic structure in the substrate and 
between  the  patches  is  simulated  and  studied.  Simulation 
results show the improvement of mutual coupling and return 
loss  by  adding  spiral  resonator  structure  to  the  antenna 
substrate. 
Keywords-  Microstrip  array  antenna,  Mutual  coupling, 
Metamaterial, Spiral resonator. 
I.  INTRODUCTION 
Microstrip array antennas exhibit extensive applications in 
communication  systems  due  to  their  unique  features  and 
attractive  properties  such  as  low  profile,  light  weight, 
compactness and conformability in structure [1]. For example, 
they have been applied in smart antenna, scanning radars and 
pattern beam forming [2]. Because of the important effect of 
mutual  coupling  on  the  antenna  results,  it  is  necessary  to 
consider mutual coupling in designing antenna arrays. In [3, 
4], errors of beam forming, scanning, input power wastage and 
degradation of the side lobe level were investigated, especially 
for  the  ultra-low  side  lobe  level  array  antennas,  without 
considering  the  effect  of  the  mutual  coupling.  In  order  to 
decrease this effect, there are many methods such as loading 
electromagnetic  band-gap  (EBG)  structures  [5],  defecting 
ground  structures  (DGSs)  between  elements  [6],  using 
concave rectangular patches  [7], and grooving the dielectric 
[8].  
Recently,  metamaterial  has  been  used  widely  due  to  its 
unique features [9-11]. These structures, which are inherently 
artificial materials, cannot be found in nature [12]. For the first 
time,  the  Russian  physicist  Victor  Veselago  presented  the 
properties of metamaterials in the late 1960s. These materials 
exhibit  either  negative  permeability  and/or  negative 
permittivity [13]. Metamaterials can suppress electromagnetic 
wave propagation in certain frequency band [14]. Therefore, 
this type of material can reduce the mutual coupling between 
the  elements  in  the  array  antenna  due  to  suppressing  the 
surface wave propagation. 
In  this  work,  a  periodic  metamaterial  spiral  resonator 
structure is proposed to decrease the mutual coupling of the 
microstrip antenna arrays. The proposed periodic structure was 
applied  in  the  substrate  and  between  the  patches.  The 
presented  simulation  results  are  obtained  with  the  finite 
element  based  Ansoft  High  Frequency  Structure  Simulator 
(HFSS).  The  parametric  study  is  presented  on  the  length, 
width  and  SR  spacing  in  the  direction  of  X  and  Y.  The 
performance  comparison  of  the  proposed  antenna  and 
reference  dielectric  show  that  metamaterial  has  a  good 
application potential to improve the mutual coupling. 
II.  GEOMETRY OF THE ARRAY ANTENNA 
The microstrip array antenna consists of a  FR4 substrate 
and  two  patch  elements;  the  distance  of  the  elements  is 
considered  14.1mm.  The  substrate’s  dimension  and  relative 
permittivity,  εr,  are  70mm×30mm×1.6mm  and  4.4, 
respectively. Fig. 1 illustrates the array antenna structure used 
in  the  simulation.  The  length  and  width  of  the  feed  line  is 
13.95mm and 1.5mm, respectively. In this research, the length 
and width of the patches are L=14mm and W=18mm and the 
antenna resonant at the frequency 4.5GHz. 
 
 
  
Fig. 1. Top view of two coupled microstrip antenna patches 
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In this paper, we use a periodic spiral resonator structure, 
which is depicted a unit cell in Fig. 2. Fig. 3 shows the array 
antenna loading by 3 rows of SR. Spiral resonator structure is 
behaved  as  a  MNG  metamaterial,  which  by  varying  the 
number of the turns of each spiral; the resonant frequency may 
be easily tuned to the desired value [15,16]. In this section, the 
effect of SR’s dimensions, different the distances of the SR 
and variant rows number are analyzed.  
 
 
Fig. 2. A unit cell of periodic structure 
 
 
Fig. 3. 3D view of the array antenna with SR structure for 3 rows 
A.  Effect of Outer Light of the SR 
In Fig. 2, the side length of the external turn is illustrated by 
the parameter “l”. The effect of the length on the return loss 
and  mutual  coupling  are  shown  in  Fig.  4.  In  this  case,  the 
amount  of  the  width  and  spacing  in  the  direction  Y  of  SR 
structures  for  1  row  are  considered  fixed  (W=0.05mm  and 
dy=1.5mm). Fig. 4a shows the return loss variation with the 
frequency  for  different  antenna  configurations.  It  can  be 
observed that all the antennas resonate around 4.5GHz and the 
return losses are same. Fig. 4b shows that if the SR structures 
are  employed,  the  mutual  coupling  level  changes.  For  the 
different length, the resonant frequency of 4.5GHz falls inside 
the  metamaterial  stop  band  so  that  the  surface  waves  are 
suppressed.  It  is  observed  that  the  mutual  coupling  is 
decreased  by  increasing  the  length  so  that,  the  amount  of 
mutual coupling is decreased to around 1.64dB with l=1.6mm.  
3 4 5 6
-30
-25
-20
-15
-10
-5
0
Freq.[GHz]
S
1
1
 
[
d
B
]
 
 
 
 
(a) 
 
  l=0.7mm 
  l=1mm    
  l=1.3mm 
  l=1.6mm 
  Conv. 
 
4 4.2 4.4 4.6 4.8
-38
-37.5
-37
-36.5
-36
-35.5
Freq.[GHz]
S
2
1
 
[
d
B
]
 
 
 
 
(b) 
 
Fig. 4. Return loss (a) and mutual coupling (b) for different length 
 
B.  Effect of Width and the Separation between Rings 
Now, a parametric study is performing on the width and the 
separation  between  rings  of  the  SR  by  keeping  the  optimal 
length fixed at 1.6mm. In Fig. 2, the width and the separation 
between the rings are shown by the parameters “W” and “S”, 
respectively, which are considered at the same amount. The 
mutual coupling and return loss are calculated for W= 0.01, 
0.05, 0.15, 0.21mm. The results illustrated in Fig. 5 depict that 
lower amount of W can reduce mutual coupling. 
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Fig. 5. Return loss (a) and mutual coupling (b) for different width 
 
C.  The Effect of the Number the SR Rows 
In  this  section,  the  effect  of  the  number  the  SR  rows  is 
reported on mutual coupling and return loss. First, the optimal 
value was achieved spacing in the Y direction (dy) for 1 row of 
the SR structures. Then, by keeping optimal dy fixed at 2mm, 
the effect of increasing the number of the SR rows to 2, 3 and 
5 is studied; the results are shown in Figures 6-9. Notice that, 
15 unit cells have been place at every row. The results are 
exhibited for the various distances in the X direction (dx). The 
lowest mutual coupling is obtained in the 5 rows of the SR 
structures with dx=1.2mm spacing, in which an approximately 
5.5dB reduction is achieved. For this case, the return losses are 
shown for all the configurations.  
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Fig. 6. Return loss (a) and mutual coupling (b) for different spacing in 
the Y direction for 1 row 
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Fig. 7. Return loss (a) and mutual coupling (b) for different spacing in 
the X direction with 2 rows 
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Fig. 8. Return loss (a) and mutual coupling (b) for different spacing in the 
X direction with 3 rows 
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Fig. 9. Return loss (a) and mutual coupling (b) for different spacing in 
the X direction with 5 rows 
 
IV. CONCLUSION 
In this paper, a metamaterial spiral resonator structure was 
used for reducing the mutual coupling between the elements of 
the microstrip array antenna. The parameters of the structure 
(length,  width,  spacing  and  the  number  of  the  rows)  were 
studied.  The  proposed  antenna  with  SR  had  the  5.5dB 
reduction  of  mutual  coupling  in  comparison  with  the 
microstrip  array  antenna  used  alone.  This  comparison 
demonstrated  that  the  unique  capability  of  the  metamaterial 
structure  reduced  mutual  coupling  by  suppressing  surface 
waves. 
 
REFERENCES 
 
[1] M. Tang, S. Xiao, T. Deng and B. Wang, “Novel Folded Single 
Split Ring Resonator and Its application to Eliminate Scan Blindness 
in Infinite Phased Array,” Proceedings of International Symposium 
on Signals, Systems and Electronics, Nanjing, pp. 1-4, 2010. 
[2]  R.  Osman,  “Microstrip  array  antenna  for  automobile  radar 
system,” MSc thesis, Faculty of Electrical Eng., Univ. Technology 
Malaysia, 2006. 
[3] R. Bhagavatula, R. W. Heath Jr., A. Forenza, N. J. Kirsch and K. 
R.  Dandekar,  “Impact  of  mutual  coupling  on  adaptive  switching 
between MIMO transmission strategies and antenna configurations,” 
Wireless Personal Communications, Vol. 52, pp. 69-87, 2008. 
[4] D. M. Pozar and D. H. Schaubert, “Analysis of an inﬁnite array of 
rectangular  microstrip  patches  with  idealized  probe  feed,”  IEEE 
Transactions  on  Antennas  and  Propagation,  Vol.  32,  No.  10,  pp. 
1101–1107, 1984. 
[5]  A.  Azarbar  and  J.  Ghalibafan,  “A  Compact  Low-Permittivity 
Dual-Layer  EBG  Structure  for  Mutual  Coupling  Reduction,” 
International Journal of Antennas and Propagation, Vol. 2011,Article 
ID 237454, 2011. 
[6] D. Hou, S. Xiao, B.-Z. Wang, Li Jiang, J. Wang and H. Wei, 
“Elimination  of  scan  blindness  with  compact  defected  ground 
structures  in  microstrip  phased  array,”  IET  Microwave  Antennas 
Propagation, Vol. 3, No. 2, pp. 269-275, 2009. 
[7] Sh. Mohanna, A. Farahbakhsh, S. Tavakoli, and N. Ghassemi, 
“Reduction of Mutual Coupling and Return Loss in Microstrip Array 
Antennas Using Concave Rectangular Patches,” International Journal 
of  Microwave  Science  and  Technology,  Vol.  2010,  Article  ID 
297519, 2010. 
[8]  J.  G.  Yook,  and  L.  Katehi,  “Micromachined  microstrip  patch 
antenna with controlled mutual coupling and surface waves”, IEEE 
Trans. Antennas Propagat., Vol. 49, pp.1282-1289, 2001. 
[9]  R.  W.  Ziolkowski,  “Design,  fabrication,  and  testing  of  double 
negative  metamaterials,”  IEEE  Transactions  on  Antennas  and 
Propagation, Vol. 51, pp. 1516-1529, 2003.  
[10] Y. Liu, and X. Zhao, “Enhanced patch antenna performances 
using  dendritic  structure  metamaterials,”  Microwave  opt.  technol. 
Lett. , Vol. 51, pp. 1732-1738, 2009. 
[11]  A.  Erentok,  O.  S.  Kim,  and  S.  Arslanagic,  “Cylindrical 
metamaterial-based  subwavelength  antenna,”  Microwave  opt. 
technol. Lett., 51, pp.1496-1500, 2009. 
[12] L. M. Si and X. Lv, “Cpw-Fed Multi- Band Omni-Directional 
Planar Microsttrip Antenna Using Composit Metamaterial Resonators 
for  Wireless  Communications,”  Progress  In  Electromagnetics 
Research, Vol. 83, pp. 133–146, 2008. 
[13]  L.  Bin,  W.  Bain,  and  L.  Chang-hong,  “Study  on  high  gain 
circular  waveguide  array  antenna  Using  metamaterial  structure,” 
Progress In Electromagnetics Research, Vol. 60, pp. 207–219, 2006. 
[14] T. J. Cui, R. Liu, B. Zhao, X. Q. Lin and H. F. Ma, “A New 
Metamaterial  Structure  to  Amplify  Evanescent  Waves  and  Its 
Applications in Microwave Components,” International Workshop on 
Antenna Technology, pp. 527-527, 2007.  
[15] F. Bilotti, A. Toscano, L. Vegni, K. Aydin, K. B. Alici and E. 
Ozbay, “ Equivalent-Circuit Models for the Design of Metamaterials 
Based  on  Artiﬁcial  Magnetic  Inclusions,”  IEEE  Transactions  on 
Antennas and Techniques, Vol. 55, pp. 2865-2873, 2007. 
[16]  F.  Bilotti,  A.  Alú  and  L.  Vegni,  “Design  of  Miniaturized 
Metamaterial  Patch  Antennas  with  µ-Negative  Loading,”  IEEE 
IJCSI International Journal of Computer Science Issues, Vol. 9, Issue 3, No 1, May 2012 
ISSN (Online): 1694-0814 
www.IJCSI.org 55
Copyright (c) 2012 International Journal of Computer Science Issues. All Rights Reserved.Transactions on Antennas and Propagation, Vol. 56, pp. 1640-1647, 
2008. 
 
 
Hamideh  Kondori  obtained  her  BSc  and  MSc  degrees  in  electrical 
engineering  from  the  University  of  Sistan  and  Baluchestan,  Iran  in 
2008 and 2011, respectively. Her areas of research include microstrip 
patch and planar metamaterial antenna, electromagnetic band gap and 
photonic crystal structures. 
 
 
Mohammad  Ali  Mansouri-Birjandi  received 
his  BSc  and  MSc  degrees  in  electrical 
engineering  from  the  University  of  Sistan  and 
Baluchestan, Iran and the University of Tehran, 
Iran  in  1986  and  1991,  respectively.  He  then 
joined the University of Sistan and Baluchestan, 
Iran.  In  2008,  he  obtained  his  PhD  degree  in 
electrical  engineering  from  Trabiat  Modares 
University, Iran.  
As an assistant professor at the University of Sistan and Baluchestan, 
his  research  areas  are  photonics,  optoelectronics,  analog  integrated 
circuits, and metamaterial. Dr. Mansouri has served as a reviewer for a 
number of journals and conferences. 
 
Saeed  Tavakoli  received  his  BSc  and  MSc 
degrees in electrical engineering from Ferdowsi 
University of Mashhad, Iran in 1991 and 1995, 
respectively. In 1995, he joined the University of 
Sistan  and  Baluchestan,  Iran.  He  earned  his 
PhD  degree  in  electrical  engineering  from  the 
University of Sheffield, England in 2005. As an 
assistant  professor  at  the  University  of  Sistan 
and Baluchestan, his research interests include control of time delay 
systems, PID control design, robust control, jet engine control, multi-
objective optimization, and space mapping optimization.  
Dr.  Tavakoli  has  published  more  than  50  papers  in  peer-reviewed 
journals and international conferences. He has served as a reviewer 
for several journals including IEEE Transactions on Automatic Control, 
IEEE  Transactions  on  Control  Systems  Technology,  IET  Control 
Theory & Applications, and a number of international conferences. 
 
 
IJCSI International Journal of Computer Science Issues, Vol. 9, Issue 3, No 1, May 2012 
ISSN (Online): 1694-0814 
www.IJCSI.org 56
Copyright (c) 2012 International Journal of Computer Science Issues. All Rights Reserved.